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METHOD FOR DETERMINING A PRECEDING WAFER, 
METHOD FOR DETERMINING A MEASURING WAFER, AND 
METHOD FOR ADJUSTING THE NUMBER OF WAFERS 

5 BACKGROUND OF THE INVENTION 

The present invention relates to a method for determin- 
ing a preceding wafer to be used for preceding processing 
among a plurality of semiconductor wafers constituting one 
lot, a method for determining a measuring wafer to be used 

10 for measurement of processing results among a plurality of 
wafers constituting one lot, and a method for adjusting the 
number of semiconductor wafers constituting one lot. 

In fabrication of semiconductor devices, semiconductor 
wafers that are grouped into lots are subjected to a plural - 

15 ity of processes every lot. In general, the performance of a 
fabrication apparatus used in a process varies with lots. 
The processing results therefore vary with lots ever\ when all 
lots are subjected to the same process under the same proc- 
essing conditions. 

20 In order to suppress a variation in processing results 

among lots, preceding processing is adopted. That is, among 
a plurality of semiconductor wafers constituting one lot 
(hereinafter, referred to as inner-lot wafers), one to sev- 
eral semiconductor wafer(s) are selected as a preceding wafer 

25 or wafers. A given process is preliminarily performed for 
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the preceding wafer(s). Based on the results of the given 
process on the preceding wafer(s), the conditions of the 
given process are adjusted, so that the other semiconductor 
wafers in the same lot are subjected to the given process un- 
5 der the adjusted conditions. 

In fabrication of semiconductor devices, also, a measur- 
ing process is inserted during the fabrication to examine 
whether or not the results of a process already performed for 
a lot have reached the target value for the process. This 
10 measuring process is generally performed for one to several 
measuring wafer(s) selected among the inner- lot semiconductor 
wafers for improvement of the throughput. 

Conventionally, as the preceding wafer or the measuring 
wafer, selected is a semiconductor wafer located outermost in 
15 a wafer box among inner-lot wafers, or a semiconductor wafer 
having the least wafer number (wafer number is given uniquely 
to each semiconductor wafer) or a heading wafer identifica- 
tion (ID) (ID is given uniquely to each semiconductor wafer). 
That is, in the conventional methods, the preceding wa- 
20 fer or the measuring wafer is determined without considera- 
tion of a variation in processing results among inner-lot 
wafers. This causes problems as described below. 
(Problem of conventional method for determining preceding wa- 
fer) 

25 A semiconductor wafer determined as a preceding wafer 
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may be a wafer having processing results largely deviated 
from the average of the processing results of a process per- 
formed for wafers in the same lot prior to a given process 
for which preceding processing is intended. In such a case, 

5 if the conditions of the given process are adjusted based on 
the processing results of the given process on the preceding 
wafer and the given process is performed for the inner- lot 
wafers other than the preceding wafer under the adjusted con- 
ditions, the processing results of the given process may fail 

10 to be within specifications for a majority of the inner-lot 
wafers. 

The above problem of the conventional preceding wafer 
determination method will be described with reference to Fig- 
ures 9(a) and 9(b), taking the case of performing preceding 

15 processing for an etching process as an example. The etching 
in this case is made for a film deposited on each of five 
semiconductor wafers constituting one lot. In Figures 9(a) 
and 9(b), the respective semiconductor wafers as substrates 
are omitted for simplification. 

20 Figure 9(a) illustrates the results of the process of 

depositing films on semiconductor wafers Nos. 1 to 5 (film 
deposition process). As shown in Figure 9(a), among the 
thicknesses of the deposited films (deposited film thick- 
nesses) of semiconductor wafers Nos. 1 to 5, denoted by dl , 

25 d2, d3, d4, and d5 , respectively, the deposited film thick - 
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ness dl of semiconductor wafer No. 1 is smallest. 

Figure 9(b) illustrates the results of the etching proc- 
ess performed for semiconductor wafers Nos . 1 to 5 after the 
film deposition process based on preceding processing per- 

5 formed for semiconductor wafer No. 1 as a preceding wafer. 
More specifically, semiconductor wafer No. 1 is preliminarily 
etched so that the film thickness remaining after the etching 
(post-etching film thickness) is equal to a predetermined 
target value (target film thickness), to determine the etch- 

10 ing time required for the etching process. Thereafter, re- 
maining semiconductor wafers Nos. 2 to 5 are etched for the 
determined etching time. At this time, it is presumed that 
the etching amounts, that is. the etching depths of the films 
on semiconductor wafers Nos. 1 to 5 are roughly the same. 

15 As shown in Figure 9(b), the post-etching film thick- 

nesses of semiconductor wafers Nos. 2 to 5 are larger than 
the target film thickness by e2, e3, e4, and e5 , respec- 
tively. In particular, the post-etching film thicknesses of 
semiconductor wafers Nos. 2, 4, and 5 exceed the upper limit. 

20 In Figure 9(b), the respective areas defined by the dotted 
lines represent the portions of the films deposited at the 
film deposition process shown in Figure 9(a) but removed at 
the etching process. 

(First problem of conventional method for determining measur- 
25 ing wafer) 
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In measurement of the processing results of a given 
process on inner-lot wafers using a measuring wafer, the 
semiconductor wafer determined as the measuring wafer may be 
a wafer having the processing results largely deviated from 
5 the average of the processing results of a process performed 
for wafers in the same lot prior to the given process. In 
such a case, the average processing results of the given 
process on the inner-lot wafers will not be obtained by meas- 
uring the processing results of the given process on the 
10 measuring wafer. 

The above first problem of the conventional measuring 
wafer determining method will be described with reference to 
Figures 10(a) and 10(b), taking as an example the case of 
measuring the film thickness remaining after etching (post- 
15 etching film thickness) of a film deposited on each of five 
semiconductor wafers Nos . 1 to 5 constituting one lot. In 
Figures 10(a) and 10(b), the respective semiconductor wafers 
as substrates are omitted for simplification. 

Figure 10(a) illustrates the results of the process of 
20 depositing films on semiconductor wafers Nos. 1 to 5 (film 
deposition process). As shown in Figure 10(a), among the de- 
posited film thicknesses of semiconductor wafers Nos. 1 to 5 , 
denoted by si, s2, s3 , s4, and s5, respectively , the depos- 
ited film thickness si of semiconductor wafer No. 1 is most 
25 largely deviated from a predetermined target value (target 
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deposited film thickness). 

Figure 10(b) illustrates the results of the etching 
process performed for semiconductor wafers Nos. 1 to 5 after 
the film deposition process. Assume that the etching process 

5 has been performed for semiconductor wafers Nos. 1 to 5 for 
the same etching time calculated based on the difference be- 
tween the target deposited film thickness in the film deposi- 
tion process and the target film thickness in the etching 
process. At this time, it is presumed that the etching 

10 amounts, that is, the etching depths of the films on semicon- 
ductor wafers Nos. 1 to 5 are roughly the same. In this 
case, as shown in Figure 10(b), the post-etching film thick- 
ness tl of semiconductor wafer No. 1 is most largely deviated 
from the average of the post-etching thicknesses tl, t2, t3 , 

15 t4, and t5 of semiconductor wafers Nos. 1 to 5 . Therefore, 
by measuring the post -etching film thickness of semiconductor 
wafer No. 1, having the least wafer number, as a measuring 
wafer, the average post -etching film thickness of semiconduc- 
tor wafers Nos. 1 to 5 will not be obtained. 

20 (Second problem of conventional method for determining meas- 
uring wafer) 

Another problem arises whein the processing results of a 
given process on inner- lot wafers are measured using a meas- 
uring wafer and the measuring wafer used must be discarded. 
25 The measuring wafer may be a semiconductor wafer having proc- 



6 



CD CD 

essing results close to the target value of the processing 
results of a process performed for the inner-lot wafers prior 
to the given process, that is, a semiconductor wafer having 
good processing results. This results in discarding the 

5 semiconductor wafer having good processing results. 

The above second problem of the conventional measuring 
wafer determining method will be described with reference to 
Figures 11(a) and 11(b), taking as an example the case of 
measuring steps on the surfaces of five semiconductor wafers 

10 Nos. 1 to 5 constituting one lot after multi-layer wiring 
structures have been formed thereon. The measurement of 
steps on the semiconductor wafer surface (step measurement) 
includes determining whether or not steps within specifica- 
tions have been formed for the film and the like on the semi- 

15 conductor wafer by etching or the like. This is performed by 
physically tracing the surface of the semiconductor wafer 
with a fine needle or the like, for example. The semiconduc- 
tor wafer used for this step measurement therefore must be 
discarded without being used for subsequent processes. 

20 Figure 11(a) illustrates the results of a process of 

forming lower lines on semiconductor wafers Nos. 1 to 5 
(lower line formation process). Referring to Figure 11(a), a 
lower line 2 made of an aluminum film, for example, is formed 
on each of semiconductor wafers Nos. 1 to 5 as a substrate 1. 

25 The electric characteristic data, for example, the electric 
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resistances of the lower lines 2 of semiconductor wafers 
Nos. 1 to 5 (lower line resistances), denoted by rl, r2, r3 f 
r4 , and r5 , respectively, are measured after the lower line 
formation process. Assume that the lower line resistance rl 

5 of semiconductor wafer No. 1 is closest to the target value 
of the lower line resistance. That is, the electric charac- 
teristic data of the lower line 2 of semiconductor wafer 
No. 1 is better than those of the lower lines 2 of semicon- 
ductor wafers Nos. 2 to 5. 

10 Figure 11(b) illustrates the results of a process of 

forming upper lines on semiconductor wafers Nos. 1 to 5 (up- 
per line formation process). Referring to Figure 11(b), an 
interlayer insulating film 3 is formed over each of semicon- 
ductor wafers Nos. 1 to 5 as the substrate 1 including the 

15 lower line 2 formed thereon, and an upper line 4 made of an 
aluminum film, for example, is formed on the interlayer insu- 
lating film 3. The upper line 4 is formed by etching an alu- 
minum film or the like deposited on the interlayer insulating 
film 3. 

20 If semiconductor wafer No. 1, having the least wafer 

number, is used as a measuring wafer for the step measure- 
ment, semiconductor wafer No. 1 including the lower line 2 
having - the best electric characteristic data will be dis- 
carded after the step measurement. 

25 (Other problem) 
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Conventionally, in order to avoid excessive production 
of semiconductor devices as products, the number of lots 
newly fed (lots introduced into a fabrication apparatus used 
for an initial process) is adjusted, or the number of semi- 
5 conductor wafers in a lot newly fed is adjusted, based on the 
yield of a lot that has completed all the processes. 

The conventional method for adjusting the number of wa- 
fers has the following problem. The yield may be under 
enhancement while a lot is under processing. Since all 

10 wafers in a lot already fed follow a predetermined process 
procedure, yield enhancement may results in excessive produc- 
tion of semiconductor devices as products. If the inner-lot 
wafers are subjected to a process using a single wafer 
processing equipment, the turn around time (TAT) increases 

15 unnecessarily. 

SUMMARY OF THE INVENTION 

The first object of the present invention is determining 
a preceding wafer so that by using the preceding wafer the 
20 processing results of a process are within specifications for 
a majority of inner-lot wafers. 

The second object of the present invention is determin- 
ing a measuring wafer so that by using the measuring wafer 
the average processing results are obtained for a process, or 
25 determining a measuring wafer so that a semiconductor wafer 
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having good processing results will not be discarded. 

The third object of the present invention is preventing 
excessive production of semiconductor devices as products and 
reducing TAT. 

In order to attain the first object, the method for de- 
termining a preceding wafer of the present invention includes 
the steps of: determining a preceding wafer comprising at 
least one semiconductor wafer among a plurality of semicon- 
ductor wafers constituting one lot; performing a given proc- 
ess among a plurality of processes for fabrication of a 
semiconductor device for the preceding wafer; and performing 
the given process for the plurality of semiconductor wafers 
other than the preceding wafer after examination of 
processing results of the given process on the preceding 
wafer, wherein the step of determining a preceding wafer 
includes determining the preceding wafer based on processing 
results of an upstream process among the plurality of 
processes performed for the plurality of semiconductor wafers 
prior to the given process . 

According to the method for determining a preceding wa- 
fer of the present invention, the preceding wafer is deter- 
mined among a plurality of semiconductor wafers constituting 
one lot (inner-lot wafers) based on processing results of an 
upstream process performed for the inner- lot wafers prior to 
a given process. The preceding wafer is then subjected to 
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the given process to examine the processing results. There- 
after, the given process is performed for the remaining in- 
ner-lot wafers other than the preceding wafer. This allows 
the preceding processing for the given process to be per- 

5 formed in consideration of a variation in the processing re- 
sults of the upstream process on the inner-lot wafers. Thus, 
when the processing results of the upstream process are in- 
fluential on the processing results of the given process, it 
is possible to suppress a variation in the processing results 

10 of the given process on the inner-lot wafers, so that the 
processing results of the given process can be within speci- 
fications for a majority of the inner-lot wafers. 

Preferably, the step of determining a preceding wafer 
includes determining as the preceding wafer a semiconductor 

15 wafer among the plurality of semiconductor wafers that has 
processing results close to an average of the processing re- 
sults of the upstream process on the plurality of semiconduc- 
tor wafers. 

With the preceding wafer determined in the above manner, 
20 the processing conditions of the given process may be ad- 
justed so that the processing results of the given process on 
the preceding wafer are equal to the target value thereof. 
By this adjustment, the processing results of the given proc- 
ess on the inner- lot wafers other than the preceding wafer 
25 can be made close to the target value with certainty. This 
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reliably reduces the number of semiconductor wafers in one 
lot that are discarded due to nonconforming processing re- 
sults. 

In order to attain the second object, the method for de- 

5 termining a measuring wafer of the present invention, includes 
the steps of: determining a measuring wafer comprising at 
least one semiconductor wafer among a plurality, of semicon- 
ductor wafers constituting one lot; performing a given proc- 
ess among a plurality of processes for fabrication of a 

10 semiconductor device for the plurality of semiconductor wa- 
fers; and measuring processing results of the given process 
on the measuring wafer, wherein the step of determining a 
measuring wafer includes determining the measuring wafer 
based on processing results of an upstream process among the 

15 plurality of processes performed for the plurality of semi- 
conductor wafers prior to the given process. 

According to the method for determining a measuring wa- 
fer of the present invention, the measuring wafer is deter- 
mined among inner-lot wafers based on the processing results 

20 of an upstream process performed for the inner-lot wafers 
prior to a given process. The given process is then per- 
formed for the inner-lot wafers, and the processing results 
of the* given process on the measuring wafer are measured. 
This makes it possible to measure the processing results of 

25 the given process using the measuring wafer in consideration 
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of a variation in the processing results of the upstream 
process on the inner-lot wafers. Thus, when the processing 
results of the upstream process are influential on the proc- 
essing results of the given process, it is possible to obtain 

5 average processing results of the given process on the inner- 
lot wafers. Also, if the measuring wafer is to be discarded 
after the measurement of the processing results of the given 
process, an occurrence of discarding a semiconductor wafer 
that has exhibited good processing results for the upstream 

10 process is avoided, . 

Preferably, the step of determining a measuring wafer 
includes determining as the measuring wafer a semiconductor 
wafer among the plurality of semiconductor wafers that has 
processing results close to an average of the processing re- 

15 suits of the upstream process on the plurality of semiconduc- 
tor wafers. 

With the measuring wafer determined in the above manner, 
when the processing results of the upstream process are in- 
fluential on the processing results of the given process, it 
20 is possible to obtain the average processing results of the 
given process on the inner-lot wafers. 

Preferably, the step of determining a measuring wafer 
includes determining as the measuring wafer a semiconductor 
wafer among the plurality of semiconductor wafers that has 
25 processing results largely deviated from a target value of 
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the processing results of the upstream process. 

With the measuring wafer determined in the above manner, 
when the measuring wafer is to be discarded after the meas- 
urement of the processing results of the given process, it is 

5 possible to avoid an occurrence of discarding a semiconductor 
wafer that has exhibited processing results close to the tar- 
get value of the processing results of the upstream process, 
that is, good processing results for the upstream process. 

In order to attain the third object, the method for ad- 

10 justing the number of wafers of the present invention in- 
cludes the steps of: determining an excluding wafer 
comprising at least one semiconductor wafer to be excluded 
from a given lot composed of a plurality of semiconductor wa- 
fers ; and after excluding the excluding wafer from the given 

15 lot, performing a given process among a plurality of proc- 
esses for fabrication of a semiconductor device for the re- 
maining semiconductor wafers in the given lot, wherein the 
step of determining an excluding wafer includes determining 
the excluding wafer based on a yield of a lot that has com- 

20 pleted the plurality of processes and processing results of 
an upstream process among the plurality of processes per- 
formed for the plurality of semiconductor wafers prior to the 
given process. 

According to the method for adjusting the number of wa- 
25 fers of the present invention, the excluding wafers to be ex- 
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eluded from a given lot are determined based on the yield of 
a lot that has completed all processes and the processing re- 
sults of an upstream process performed for semiconductor wa- 
fers constituting the given lot (inner-lot wafers) prior to a 

5 given process. The excluding wafers are then excluded from 
the given lot, and the remaining semiconductor wafers are 
subjected to the given process. Therefore, when the yield is 
under enhancement due to process improvement during process- 
ing of the given lot, it is possible to reduce the number of 

10 wafers in the given lot before start of the given process for 
the given lot depending on the yield at that time and the 
processing results of the upstream process. This prevents 
excessive production of semiconductor devices as products, 
and also reduces TAT by the number of excluding wafers ex- 

15 eluded from the given lot if a process using a single wafer 
processing equipment is to be performed for the wafers in the 
given lot at a subsequent stage. 

Preferably, the step of determining an excluding wafer 
includes calculating the number of excluding wafers based on 

20 the yield and determining as the excluding wafer a semicon- 
ductor wafer of the quantity equal to the calculated number 
of excluding wafers that has processing results largely devi- 
ated from a target value of the processing results of the up- 
stream process. 

25 By determining the excluding wafer in the above manner. 
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it is possible to reduce the number of wafers in the given 
lot while preventing an occurrence of excluding a semiconduc- 
tor wafer that has exhibited processing results close to the 
target value of the processing results of the upstream proc- 
5 ess, that is, good processing results for the upstream piroc- 
ess . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a flowchart of a method for determining a 
10 preceding wafer of EMBODIMENT 1 of the present invention. 

Figure 2(a) illustrates the processing results of a film 
deposition process used for determining a preceding wafer in 
the method of EMBODIMENT 1, and Figure 2(b) illustrates the 
processing results of an etching process for which preceding 
15 processing has been performed using the preceding wafer de- 
termined according to the method of EMBODIMENT 1. 

Figure 3 is a flowchart of a method for determining a 
measuring wafer of EMBODIMENT 2 of the present invention. 

Figure 4(a) illustrates the processing results of a film 
20 deposition process used for determining a measuring wafer in 
the method of EMBODIMENT 2, and Figure 4(b) illustrates the 
processing results of an etching process for which film 
thickness measurement is to be performed using a measuring 
wafer determined according to the method of EMBODIMENT 2. 
25 Figure 5 is a flowchart of a method for determining a 
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measuring wafer of EMBODIMENT 3 of the present invention. 

Figure 6(a) illustrates the processing results of a 
lower line formation process used for determining a measuring 
wafer in the method of EMBODIMENT 3, and Figure 6(b) illus- 
5 trates the processing results of an upper line formation 
process for which step measurement is to be performed using a 
measuring wafer determined according to the method of EMBODI- 
MENT 3. 

Figure 7 is a flowchart of a method for adjusting the 
10 number of wafers of EMBODIMENT 4 of the present invention. 

Figure 8 is a view of an example of yield enhancement 
during processing of a lot. 

Figure 9(a) illustrates the processing results of a film 
deposition process, and Figure 9(b) illustrates the process- 
15 ing results of an etching process for which preceding proc- 
essing has been performed using a preceding wafer determined 
according to a conventional method for determining a preced- 
ing wafer. 

Figure 10(a) illustrates the processing results of a 
20 film deposition process, and Figure 10(b) illustrates the 
processing results of an etching process for which film 
thickness measurement is to be performed using a measuring 
wafer determined according to a conventional method for de- 
termining a measuring wafer. 
25 Figure 11(a) illustrates the processing results of a 
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lower line formation process, and Figure 11(b) illustrates 
the processing results of an upper line formation process for 
which step measurement is to be performed using a measuring 
wafer determined according to a conventional method for de- 
5 termining a measuring wafer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present inven- 
tion will be described with reference to the accompanying 
10 drawings . 

EMBODIMENT 1 

The method for determining a preceding wafer of EMBODI- 
MENT 1 of the present invention will be described with refer- 
ence to the relevant drawings, taking as an example the case 
15 of performing preceding processing for a process of etching a 
film deposited on each of five semiconductor wafers Nos . 1 to 
5 constituting one lot (etching process). 

In this embodiment, assume that each lot is subjected to 
a plurality of processes (including a measuring process for 
20 obtaining the processing results of a process) for fabrica- 
tion of semiconductor devices. Assume also that the etching 
process for which preceding processing is performed is the n- 
th (n > 1) process. 

Figure 1 is a flowchart of the method of this embodiment . 
25 First, at step Sll, the first to i-th (1 ^ i ^ n-1) proc- 



esses are performed for semiconductor wafers Nos. 1 to 5. 
One of the first to i-th processes is a film deposition proc- 
ess where a film is deposited on each of semiconductor wafers 
Nos. 1 to 5. 

5 At step S12, as the j-th (i ^ j ^ n-1) process, per- 

formed is a process of measuring the processing results of 
the film deposition process performed for semiconductor wa- 
fers Nos. 1 to 5 (processing result measuring process), that 
is, a process of measuring the thickness of the film depos- 

10 ited on each of semiconductor wafers Nos. 1 to 5 (deposited 
film thickness). 

Figure 2(a) illustrates the processing results of the 
film deposition process on semiconductor wafers Nos. 1 to 5 . 
In Figure 2(a), the respective semiconductor wafers as sub- 

15 strates are omitted for simplification. 

As shown in Figure 2(a), among the deposited film thick- 
nesses of semiconductor wafers Nos. 1 to 5, denoted by Dl, 
D2, D3, D4, and D5 , respectively, the deposited film thick- 
ness D2 of semiconductor wafer No. 2 is closest to the aver- 

20 age of the deposited film thicknesses Dl to D5 of 
semiconductor wafers Nos. 1 to 5 (average deposited film 
thickness ) . 

At step S13, the (j+l)th to (n-l)th processes are per- 
formed for semiconductor wafers Nos. 1 to 5 . 
25 At step S14 (preceding wafer selection process), semi- 
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conductor wafer No. 2 having the deposited film thickness 
closest to the average of the processing results of the film 
deposition process (average deposited film thickness) meas- 
ured in the processing result measuring process is determined 
5 as a preceding wafer in the n-th process among semiconductor 
wafers Nos. 1 to 5 . 

At step S15. the n-th process, that is, an etching proc- 
ess is performed for semiconductor wafer No. 2 determined as 
a preceding wafer at step S14. More specifically, the etch- 
10 ing process is performed for semiconductor wafer No. 2 so 
that the film thickness remaining after the etching (post- 
etching film thickness) is equal to the target film thick- 
ness, to determine the etching time required for this etching 
process . 

IS At step S16, the etching process is performed for re- 

maining semiconductor wafers Nos . 1 and 3 to 5 for the etch- 
ing time determined at step S15. At this time, it is 
presumed that the etching amounts, that is, the etching 
depths of the deposited films on semiconductor wafers Nos. 1 

20 to 5 are roughly the same . 

Figure 2(b) illustrates the processing results of the 
etching process on semiconductor wafers Nos. 1 to 5 . In Fig- 
ure 2(b), also, the respective semiconductor wafers as sub- 
strates are omitted for simplification. 

25 As is apparent from Figure 2(b), the amounts of devia- 




tion of the post-etching film thicknesses of semiconductor 
wafers Nos. 1 and 3 to 5 from the target film thickness, de- 
noted by El, E3, E4, and E5 , respectively, are small, with 
these post-etching film thicknesses being within specifica- 

5 tions (between the lower limit and the upper limit). The re- 
spective areas defined by the dotted lines represent the 
portions of the films deposited in the film deposition proc- 
ess shown in Figure 2(a) but removed in the etching process. 

Thus, in this embodiment, a preceding wafer is deter- 

10 mined among the inner-lot wafers based on the results of the 
film deposition process performed for the inner-lot wafers 
before the etching process. The preceding wafer determined 
is then subjected to the etching process. The etching time 
is adjusted based on the results of the etching process on 

15 the preceding wafer. Thereafter, the inner- lot wafers other 
than the preceding wafer are subjected to the etching process. 
This allows the preceding processing for the etching process 
to be performed in consideration of a variation in the re-; 
suits of the film deposition process on the inner-lot wafers 

20 (i.e., a variation in deposited film thickness). As a result, 
it is possible to suppress a variation in the results of the 
etching process on the inner-lot wafers (i.e., a variation in 
post-etching film thickness), allowing the post-etching film 
thicknesses of a majority of the inner-lot wafers to be 

25 within specifications. 
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The semiconductor wafer having the deposited film thick- 
ness closest to the average deposited film thickness is de- 
termined as a preceding wafer among the inner-lot wafers. 
Therefore, by adjusting the etching time so that the post- 

5 etching film thickness of the preceding wafer is equal to the 
target film thickness, the post-etching film thicknesses of 
the inner-lot wafers other than the preceding wafer can be 
made close . to the target film thickness with certainty. This 
reduces the number of semiconductor wafers in one lot dis- 

10 carded due to nonconforming post-etching film thickness. 

In this embodiment, the number of semiconductor wafers 
constituting one lot is not specifically limited. Also, in 
this embodiment, the timing at which the preceding wafer se- 
lection process is performed is not specifically limited as 

15 long as it is between the processing result measuring process 
and the etching process. 

In this embodiment, the preceding wafer used for the 
etching process for which preceding processing is performed 
is determined based on the processing results of the film 

20 deposition process performed prior to the etching process 
(i.e., the deposited film thickness). It should however be 
understood that the preceding wafer for a given process for 
which preceding processing is performed may be determined 
based on the processing results of an arbitrary process per- 

25 formed prior to the given process. 
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In this embodiment, the processing results of the film 
deposition process (i.e., the deposited film thickness) were 
measured for all the semiconductor wafers constituting . one 
lot, and one semiconductor wafer having the deposited film 

5 thickness closest to the average of the measured deposited 
film thicknesses was determined as the preceding wafer. Al- 
ternatively, the deposited film thickness may be measured for 
part (at least two) of the semiconductor wafers constituting 
one lot, to determine one semiconductor wafer having the 

10 deposited film thickness closest to the average of the 
measured deposited film thicknesses as the preceding wafer. 
It is also possible to measure . the deposited film thickness 
for all or part of the semiconductor wafers constituting one 
lot, to determine a plurality of semiconductor wafers having 

15 a deposited film thickness close to the average of the 
measured deposited film thicknesses as the preceding wafers, 
EMBODIMENT 2 

The method for determining a measuring wafer of EMBODI- 
MENT 2 of the present invention will be described with refer- 
20 ence to the relevant drawings, taking as an example the case 
of measuring the film thickness remaining after etching 
(post-etching film thickness) of a film deposited on each of 
five semiconductor wafers Nos. 1 to 5 constituting one lot. 

In this embodiment, assume that each lot is subjected to 
25 a plurality of processes (including a measuring process for 
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obtaining the processing results of a process) for fabrica- 
tion of semiconductor devices. Assume also that the process 
of measuring the post-etching film thickness (post-etching 
film thickness measuring process) is the n-th (n > 1) process. 
5 Figure 3 is a flowchart of the method of this embodiment. 

First, at step S21, the first to i-th (1 ^ i ^ n-1) proc- 
esses are performed for semiconductor wafers Nos. 1 to 5. 
One of the first to i-th processes is a film deposition proc- 
ess where a film is deposited on each of semiconductor wafers 

10 Nos. 1 to 5. 

At step S22, as the j-th (i ^ j ^ n-1) process, per- 
formed is a process of measuring the processing results of 
the film deposition process performed for semiconductor wa- 
fers Nos. 1 to 5 (processing result measuring process), that 
15 is. a process of measuring the deposited film thickness of 
each of semiconductor wafers Nos. 1 to 5 . 

Figure 4(a) illustrates the processing results of the 
film deposition process on semiconductor wafers Nos. 1 to 5 . 
In Figure 4(a). the respective semiconductor wafers as sub- 
20 strates are omitted for simplification. 

As shown in Figure 4(a). among the deposited film thick- 
nesses of semiconductor wafers Nos. 1 to 5 . denoted by SI, 
S2. S3, S4. and S5 , respectively, the deposited film thick- 
ness S2 of semiconductor wafer No. 2 is closest to the aver- 
25 age of the deposited film thicknesses SI to S5 of 
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semiconductor wafers Nos . 1 to 5 (average deposited film 
thickness ) . 

At step S23, the (j+l)th to (n-l)th processes are per- 
formed for semiconductor wafers Nos. 1 to 5 . One of the 
5 (j+l)th to (n-l)th processes- is an etching process where the 
film deposited on each of semiconductor wafer Nos, 1 to 5 is 
etched. 

Figure 4(b) illustrates the processing results of the 
etching process on semiconductor wafers Nos. 1 to 5 . In Fig- 

10 ure 4(b), also, the respective semiconductor wafer as sub- 
strates are omitted for simplification. 

If the etching process is performed for semiconductor 
wafers Nos. 1 to 5 for the same etching time calculated based 
on the difference between the target deposited film thickness 

15 in the film deposition process and the target film thickness 
in the etching process, it is presumed that the etching 
amounts, that is, the etching depths of the deposited films 
on semiconductor wafers Nos. 1 to 5 are roughly the same. As 1 
shown in Figure 4(b), among the post-etching film thicknesses 

20 of semiconductor wafers Nos . 1 to 5, denoted by Tl , T2, T3 , 
T4, and T5, respectively, the post-etching film thickness T2 
of semiconductor wafer No. 2 is closest to the average of the 
post-etching thicknesses Tl to T5 of semiconductor wafers 
Nos. 1 to 5, that is, the average post-etching film thick - 

25 ness. 
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At step S24 (measuring wafer selection step), semicon- 
ductor wafer No. 2 having the deposited film thickness clos- 
est to the average of the processing results of the film 
deposition process (i.e., the average deposited film thick- 
5 ness) measured at the processing result measuring process is 
determined as a measuring wafer among semiconductor wafers 
Nos. 1 to 5 in the n-th process. 

At step S25, as the n-th process, a post-etching film 
thickness measuring process is performed for semiconductor 
10 wafer No. 2 determined as the measuring wafer at step S24 . 
In this way, the post-etching film thickness T2 of semicon- 
ductor wafer No. 2 closest to the average post-etching film 
thickness is obtained as the measured value. 

Thus, in this embodiment, a measuring wafer is deter - 
15 mined among the inner-lot wafers based on the processing re- 
sults of the film deposition process performed for the inner- 
lot wafers prior to the etching process. The etching process 
is then performed for the inner-lot wafers. Thereafter, the 
measuring wafer is subjected to the post-etching film thick- 
20 ness measuring process. This permits use of the semiconduc- 
tor wafer having a deposited film thickness closest to the 
average deposited film thickness among the inner-lot wafers 
as a measuring wafer, to measure the processing results of 
the etching process (i.e., the post-etching film thickness). 
25 As a result, it is possible to obtain the average post- 
26 
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etching film thickness of the inner-lot wafers as the meas- 
ured value. 

In this embodiment, the number of semiconductor wafers 
constituting one lot is not specifically limited. Also, in 

5 this embodiment, the timing at which the measuring wafer se- 
lection process is performed is not specifically limited as 
long as it is between the processing result measuring process 
and the post-etching film thickness measuring process. 

In this embodiment, the measuring wafer used in the 

10 post-etching film thickness measuring . process for measuring 
the processing results of the etching process was determined 
based on the processing results of the film deposition proc- 
ess performed prior to the etching process. It should how- 
ever be understood that the measuring wafer used in a given 

15 measuring process for measuring the processing results of a 
given process may be determined based on processing results 
of an arbitrary process performed prior to the given process. 

In this embodiment, the processing results of the film 
deposition process (i.e., the deposited film thickness) were 

20 measured for all the semiconductor wafers constituting one 
lot, and one semiconductor wafer having the deposited film 
thickness closest to the average of the measured deposited 
film thicknesses was determined as the measuring wafer. Al- 
ternatively, the deposited film thickness may be measured for 

25 part (at least two) of the semiconductor wafers constituting 
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one lot, to determine one semiconductor wafer having the de- 
posited film thickness closest to the average of the measured 
deposited film thicknesses as the measuring wafer. It is 
also possible to measure the deposited film thickness for all 
or part of the semiconductor wafers constituting one lot, to 
determine a plurality of semiconductor wafers having a depos- 
ited film thickness close to the average of the measured 
deposited film thicknesses as the measuring wafers. 
EMBODIMENT 3 

The method for determining a measuring wafer of EMBODI- 
MENT 3 of the present invention will be described with refer- 
ence to the relevant drawings, taking as an example the case 
of measuring steps on a surface of each of five semiconductor 
wafers Nos . 1 to 5 constituting one lot after formation of a 
multi-layer wiring structure thereon. 

In this embodiment, assume that each lot is subjected to 
a plurality of processes (including a measuring process for 
obtaining the processing results of a process) for fabrica- 
tion of semiconductor devices. Assume also that the process 
of measuring steps on the semiconductor wafer surfaces (step 
measuring process) is the n-th (n > 1) process. This embodi- 
ment is applied to the method for determining a measuring wa- 
fer in -which the measuring wafer must be discarded after use 
for measurement, such as the step measuring process. 

Figure 5 is a flowchart of the method of this embodiment. 



28 



First, at step S31, the first to i-th (1 ^ i ^ n-1) proc- 
esses are performed for semiconductor wafers Nos. 1 to 5. 
One of the first to i-th processes is a lower line formation 
process where lower lines are formed on each of semiconductor 

5 wafers Nos. 1 to 5 . 

At step S32, as the j-th (i ^ j ^ n-1) process, per- 
formed is a process of measuring the processing results of 
the lower line formation process on semiconductor wafers 
Nos. 1 to 5 (processing result measuring process), that is, a 

10 process of measuring the electric characteristic data such as 
the electric resistance of the lower lines formed on each of 
semiconductor wafers Nos. 1 to 5. (lower line resistance). 

Figure 6(a) illustrates the processing results of the 
lower line formation process on semiconductor wafers Nos . 1 

15 to 5 . As shown in Figure 6(a), a lower line 12 made of an 
aluminum film, for example, is formed on each of semiconduc- 
tor wafers Nos. 1 to 5 as a substrate 11. The lower line re- 
sistances of semiconductor wafers Nos. 1 to 5, denoted by Rl, 
R2, R3, R4, and R5 , respectively, are measured and found that 

20 the lower line resistance R3 of semiconductor wafer No. 3 is 
most largely deviated from the target value of the lower line 
resistance (target resistance value), indicating that the 
electric characteristic data of the lower line 12 of semicon- 
ductor wafer No. 3 is poorer than those of the lower lines 12 

25 of semiconductor wafers Nos. 1, 2, 4, and 5. 
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At step S33, the (j+l)th to (n-l)th processes are per- 
formed for semiconductor wafers Nos. 1 to 5 . One of the 
(j+l)th to (n-l)th processes is an upper line formation proc- 
ess where upper lines are formed on each of semiconductor wa- 
fers Nos. 1 to 5. 

Figure 6(b) illustrates the processing results of the 
upper line formation process on semiconductor wafers Nos . 1 
to 5- As shown in Figure 6(b), an interlayer insulating 
film 13 is formed over each of semiconductor wafers Nos . 1 to 
5 as the substrate 11 including the lower line 12 formed 
thereon, and an upper line 14 made of an aluminum film, for 
example, is formed on the interlayer insulating film 13. The 
upper line 14 is formed by etching an aluminum film or the 
like deposited on the interlayer insulating film 13. 

At step S34 (measuring wafer selection step), semicon- 
ductor wafer No. 3 having the lower line resistance most 
largely deviated from the target resistance value among semi- 
conductor wafers Nos. 1 to 5 is determined as a measuring wa- 
fer in the n-th process based on the processing results of 
the lower line formation process (i.e., the lower line resis- 
tance) measured in the processing result measuring process. 

At step S35, as the n-th process, a step measuring proc- 
ess is performed for semiconductor wafer No. 3 determined as 
the measuring wafer at step S34. In this way, semiconductor 
wafer No. 3 of which lower line resistance is most largely 



30 



GO . • Go 

deviated from the target value is discarded after the step 
measuring process. It should be noted that the quality of 
the lower line resistance as the electric characteristic data 
measured in the processing result measuring process is ir- 

5 relevant to the quality of the steps on the semiconductor wa- 
fer surface measured in the step measuring process. 

Thus, in this embodiment, a measuring wafer is deter- 
mined among the inner- lot wafers based on the processing re- 
sults of the lower line formation process performed for the 

10 inner-lot wafers prior to the upper line formation process. 
The upper line formation process is then performed for the 
inner-lot wafers. Thereafter, the measuring wafer is sub- 
jected to the step measuring process. This permits use of 
the semiconductor wafer having a lower line resistance most 

15 largely deviated from the target resistance value among the j 
inner- lot wafers as the measuring wafer, to perform the step 
measuring process. As a result, it is possible to prevent an 
occurrence of discarding a semiconductor wafer having a lower' 
line resistance close to the target resistance value, that is, 

20 a semiconductor wafer having good electric characteristic 
data. 

In this embodiment, the number of semiconductor wafers 
constituting one lot is not specifically limited. Also, in 
this embodiment, the timing at which the measuring wafer se- 
25 lection process is performed is not specifically limited as 
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long as it is between the processing result measuring process 
and the step measuring process. 

In this embodiment the measuring wafer used in the step 
measuring process for measuring the processing results of the 

5 upper line formation process . was determined based on the 
processing results of the lower line formation process per- 
formed prior to the upper line formation process. It should 
however be understood that the measuring wafer used in a 
given measuring process for measuring the processing results 

10 of a given process may be determined based on the processing 
results of an arbitrary process performed prior to the given 
process . 

In this embodiment, the processing results of the lower 
line formation process (i.e., the lower line resistance) were 

15 measured for all the semiconductor wafers constituting one 
lot, and one semiconductor wafer having the lower line resis- 
tance most largely deviated from the target resistance value 
was determined as the measuring wafer. Alternatively, the 
lower line resistance may be measured for part (at least two) 

20 of the semiconductor wafers constituting one lot, to deter- 
mine one semiconductor wafer having the lower line resistance 
most largely deviated from the target resistance value as the 
measuring wafer. It is also possible to measure the lower 
line resistance of all or part of the semiconductor wafers 

25 constituting one lot, to determine a plurality of semiconduc- 
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tor wafers having a lower line resistance deviated largely 
from the target resistance value as the measuring wafers. 
EMBODIMENT 4 

The method for adjusting the number of wafers of EMBODI - 

5 MENT 4 of the present invention will be described with refer- 
ence to the relevant drawings . 

In this embodiment, assume that a plurality of lots are 
sequentially subjected to a plurality of processes (including 
a measuring process for obtaining the processing results of a 

10 process) for fabrication of semiconductor devices. Each lot 
includes a plurality of semiconductor wafers, and from each 
of the semiconductor wafers, a plurality of semiconductor de- 
vices (semiconductor chips) are produced as products. This 
embodiment is applied to the method for adjusting the number 

15 of wafers in the case where the yield is under enhancement 
due to process improvement during processing of a lot. 

Figure 7 is a flowchart of the method of this embodiment . 
First, at step S41, before a given lot is newly fed, the num-' 
ber of semiconductor wafers required for the given lot at the 

20 feeding (required number of wafers) is determined based on 
the yield of a lot that has completed all the processes at 
that time (yield at feeding) and the number of semiconductor 
chips demanded for each lot (demanded number of chips). 
Thereafter, the given lot including the required number of 

25 semiconductor wafers is fed. 
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For example, assuming that the number of semiconductor 
chips obtainable from one semiconductor wafer (number of ob- 
tainable chips) at a yield of 100% is 100, that the yield at 
feeding, is 60%, and that the demanded number of chips is 3000, 
5 the required number of wafers XI in the given lot at feeding 
is calculated as 50 from the following: 
XI = 3000 + (100 X 0.60). 

At step S42, the first to i-th (1 ^ i ^ n-1) processes 
are performed for semiconductor wafers constituting the given 
10 lot (inner-lot wafers). 

At step S43, as the j-th (i ^ j ^ n-1) process, per- 
formed is a process of measuring the processing results of 
either one of the first to i-th processes performed for the 
inner-lot wafers (processing result measuring process ) . 
15 At step S44, the (j+l)th to (n-l)th processes are per- 

formed for the inner-lot wafers. 

At step S45, before start of the n-th process for the 
inner- lot wafers, if the yield of a lot that has completed 
all the processes at that time (yield during processing) has 
20 enhanced from the yield at feeding, the number of semiconduc- 
tor wafers to be excluded from the given lot (number of ex- 
cluding wafers) is calculated. 

The method for calculating the number of excluding wa- 
fers will be described with reference to Figure 8. 
25 Figure 8 illustrates an example of yield enhancement 
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during processing of a given lot. 

Referring to Figure 8, if the yield during processing at 
the time of start of the n-th process (at present) has en- 
hanced to 75% from the yield at feeding of 60% r the required 
5 number of wafers X2 in the given lot at present is calculated 
as 40 from the following: 

X2 = 3000 -r (100 X 0.75) 
(assuming that the number of obtainable chips is 100. and the 
demanded number of chips is 3000 as at step S41). 
10 Since the required number of wafers XI in the given lot 

at feeding is 50, the number of excluding wafers F is 10 from 
F m 50 - 40. 

At step S46 (excluding wafer selection step), semicon- 
ductor wafers of the quantity equal to the number of exclud- 

15 ing wafers (for example, 10 wafers) that have the processing 
results largely deviated from the target value thereof are 
determined as excluding wafers among the inner-lot wafers 
based on the processing results measured in the processing 1 
result measuring process. 

20 At step S47, the excluding wafers determined at step S46 

are excluded from the given lot, and the n-th and subsequent 
processes are performed for the remaining semiconductor wa- 
fers in the given lot. 

Thus, in this embodiment, excluding wafers to be ex- 

25 eluded from a given lot are determined based on the yield of 
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a lot that has completed all the processes and the processing 
results of a process (either one of the first to i-th proc- 
esses) performed for the inner-lot wafers prior to a given 
process (n-th process). The excluding wafers are then ex- 

5 eluded from the given lot, and the remaining semiconductor 
wafers are subjected to the given process. Therefore, when 
the yield is under enhancement due to process improvement 
during processing of the given lot, it is possible to reduce 
the number of wafers in the given lot before start of the 

10 given process for the given lot depending on the yield, at 
that time and the processing results of an upstream process. 
This prevents excessive production of semiconductor chips as 
products. This also reduces TAT by the number of excluding 
wafers excluded from the given lot if a process using a sin- 

15 gle wafer processing equipment is to be performed for the wa- 
fers in the given lot at a subsequent stage. 

Moreover, in this embodiment, after the number of ex- 
cluding wafers is calculated based on the yield, semiconduc- 
tor wafers of the quantity equal to the calculated number of 

20 excluding wafers that have processing results largely devi- 
ated from the target value thereof are determined as exclud- 
ing wafers among the inner-lot wafers based on the processing 
results measured in the processing result measuring process. 
This permits reduction of the number of wafers in the given 

25 lot while preventing an occurrence of excluding semiconductor 
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wafers having processing results close to the target value 
thereof, that is. semiconductor wafers having good processing 
results . 

In this embodiment, the timing at which the excluding 
5 wafer selection process is performed is not specifically lim- 
ited as long as it is between the processing result measuring 
process and the n-th process. 

In this embodiment, the processing results were measured 
for all the semiconductor wafers constituting one lot, and a 

10 semiconductor wafer having processing results largely devi- 
ated from the target value was determined as an excluding wa- 
fer. Alternatively, the processing results may be measured 
for part (at least two) of the semiconductor wafers consti- 
tuting one lot, to determine a semiconductor wafer having 

15 processing results largely deviated from the target value. 

While the present invention has been described in a pre- 
ferred embodiment, it will be apparent to those skilled in 
the art that the disclosed invention may be modified in nu- 
merous ways and may assume many embodiments other than that 

20 specifically set out and described above. Accordingly, it is 
intended by the appended claims to cover all modifications of 
the invention which fall within the true spirit and scope of 
the invention . 
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